Abstract This study was undertaken with an objective of testing the antibacterial and antifungal activities of Bauhinia purpurea leaves and identifying the bioactive compounds. The antimicrobial activity of leaf extract was determined in aqueous and organic extracts and the minimum inhibitory concentration (MIC) against six species of pathogenic and non-pathogenic microorganisms: Bacillus subtilis, Staphylococcus aureus, Salmonella typhi, Escherichia coli, Pseudomonas aeruginosa and Candida albicans using the disk diffusion method. The chemical constituents of organic plant extract were separated by thin layer chromatography and purified by column chromatography and further identified by gas chromatography-mass spectrometry (GC-MS) analysis. Significant inhibitory activity was observed with methanol extracts of plant against the test microorganisms while less antibacterial activity was observed in hexane, acetone and aqueous extracts. MIC of B. purpurea extract was B1,500 lg/ml against S. aureus and B. subtilis while this extract showed no inhibition against Gram-negative S. typhi, E. coli and P. aeruginosa or against fungus C. albicans. Eleven compounds were identified in B. purpurea leaf extract by GC-MS analysis. The composition of B. purpurea revealed the presence of lupeol, stigmasterol, lanosterol, ergosterol, beta-tocopherol, phytol, hexadeconic acids, hexadeconic acids methyl esters, octadecadienoic acids and octadecatrienoic acid. Stigmasterol and lupeol were the most abundant (34.48 and 15.63 %). Other phytosterols like lanosterol (4.15 %) and ergosterol (2.82 %) were also found to be present in this extract.
Introduction
Plants have been used for centuries as a remedy for human diseases because they contain components of therapeutic value. They are natural sources of antimicrobial agents primarily because of the large biodiversity of such microorganisms and the relatively large quantity of metabolites that can be extracted from these plants [1] . The acceptance of these traditional medicines as an alternative form of health care has led researchers to investigate the antimicrobial activity of medicinal plants. Modern science has identified several secondary metabolites of various plant species that contain antimicrobial properties. Human infections constitute a serious problem and the most frequent pathogens are microorganisms such as bacteria and fungi. Therefore, the search for discovery of new antimicrobial agents is necessary and stimulates the research for new chemotherapeutic agents in medicinal plants [2, 3] .
Bauhinia purpurea Linn. (Leguminosae) commonly known as purple orchid tree is a medium sized deciduous tree, sparingly grown in India. It is used in gastrointestinal activities with applications as a laxative (flowers), a carminative drug (roots) and for diarrhea (bark) . Traditionally this plant is used in the treatment of dropsy, pain, rheumatism, convulsion, delirium, septicaemia, etc. [4] . The aerial parts of the plant are reported to contain flavone glycosides, dimeric flavonoids, 6-butyl-3-hydroxy flavanone, amino acids, phenyl fatty ester, lutine and b-sitosterol [5] . B. purpurea is now used as a new paraffin section marker for Reed-Sternberg cells of Hodgkin's lymphoma [6] . B. purpurea lectin (BPA) was purified from seeds of B. purpurea alba. BPA is a Galb1-3GalNAc (T) specific leguminous lectin that has been widely used in multifarious cytochemical and immunological studies of cells and tissues under pathological or malignant conditions [7] . BPA is also used as a marker in hyperblastic human tonsil and peripheral blood mononuclear cells by immunohistological, immunoelectron microscopic, and flow cytometric techniques [8] .
The aim of the present study was to identify the active components responsible for the antimicrobial activity in B. purpurea with a view of ascertaining their possible medicinal values. The antimicrobial activity of the B. purpurea leaf extract was done by agar well diffusion and twofold serial dilution techniques. For the identification of compounds, the extract was purified by column chromatography and subjected to GC-MS analysis.
Materials and Methods

Plant Material
The major raw material used in this work was freshly harvested B. purpurea leaves collected during January 2008 from National Gir Foundation, Gandhinagar, Gujarat with the assistance of local plant keepers and authenticated by officials of the Gir Foundation. Fresh leaves were washed under running tap water followed by sterilized distilled water, shade dried and then powdered with the help of a sterilized pestle and mortar.
Aqueous Extract Preparation
Shade dried fine powdered leaves (10 g) were boiled in 400 ml distilled water till one-fourth of the extract initially taken was left behind after evaporation. The solution was then filtered using sterile muslin cloth. The filtrate was centrifuged at 5,000 rpm for 15 min. The supernatant was again filtered using Whatman filter paper no. 1 under strict aseptic conditions. The filtrate was collected in sterilized bottles and stored at 4°C until further use.
Organic Solvent Extract Preparation
Shade dried powder (10 g) was thoroughly mixed with 100 ml organic solvent (methanol, hexane or acetone). The mixture was placed at room temperature for 24 h on a shaker at 150 rpm. The solution was filtered through muslin cloth and then re-filtered by passing through Whatman filter no. 1. The filtrate thus obtained was concentrated by complete evaporation of the solvent at room temperature to yield the pure extract. Stock solutions of crude extracts for each type of organic solvent (methanol, hexane or acetone) were prepared by mixing well an appropriate amount of dried extracts with dimethyl sulphoxide (DMSO) to obtain a final concentration of 100 mg/ml that was used for the evaluation of antibacterial and antifungal activities. Each solution was stored at 4°C after collecting in sterilized bottles until further use.
Microbial Cultures
The test microorganisms used for the antimicrobial activity screening were Staphylococcus aureus (ATCC 25923), Bacillus subtilis (ATCC 10707), Escherichia coli (ATCC 25922), Salmonella typhi (ATCC 29213), Pseudomonas aeruginosa (ATCC 27853) and Candida albicans (ATCC 10231). All microorganisms were obtained from the microbiology laboratory at the Department of Life Sciences and MG Institute of Science at Gujarat University. All the cultures were maintained on nutrient agar (NA) medium.
Culture Media
Mueller-Hinton agar (MHA, 17.5 g casein hydrolysate, 3.0 g beef extract, 1.5 g starch and 15 agar/l), sabouraud dextrose agar (SDA, 20 g glucose, 10 g peptone and 20 g agar/l) and NA (3.0 g beef extract, 3.0 g Nacl, and 5.0 g peptone/l) were used for microbiological studies.
Antibacterial Assay
In vitro antibacterial activities of all aqueous and organic extracts of B. purpurea were determined by standard agar well diffusion assay [9] . Petri dishes (100 mm) containing 25 ml of MHA were seeded with 100 ll inoculum of the test strain (inoculum size was adjusted so as to deliver a final inoculum of approximately 10 6 CFU/ml) and allowed to solidify. Wells of 6 mm diameter were cut into solidified agar media with the help of a sterilized cork-borer. 100 ll of each extract was poured in the respective well and the plates were incubated at 37°C for 24 h. DMSO and sterilized distilled water were used as negative controls while tetracycline antibiotic (1 U) was used as a positive control. The experiment was performed in triplicate under strict aseptic conditions and the antibacterial activity of each extract was expressed in terms of the mean diameter of zone of inhibition (mm) produced by the respective plant extract.
MIC for the Bacteria
The antibacterial activity of the extracts was examined by determining the minimum inhibitory concentration (MIC) in accordance with Clinical and Laboratory Standard Institute (CLSI) methodology [10] . All tests were carried out in Mueller-Hinton broth (MHB, 17.5 g casein hydrolysate, 3.0 g beef extract and 1.5 g starch) supplemented with DMSO at a final concentration of 10 % (v/v) in order to enhance their solubility. The plant extract were dissolved in MHB. Test strains were suspended in MHB to give a final density of 5 9 10 5 CFU/ml and confirmed by viable counts. Dilutions ranging from 100 to 2,000 mg/ml of the plant extract were prepared in test tubes including one growth control [MHB ? 10 % DMSO (v/v)] and one sterility control [MHB ? 10 % DMSO (v/v ? test extracts)]. The MIC values were determined from visual examination as being the lowest concentration of the extracts with no bacterial growth. Test tubes were incubated at 37°C for 24 h.
MIC for the Yeast
The antifungal activity of the extracts was examined by determining the MIC in accordance with CLSI methodology [11] using yeast nitrogen base glucose (YNBG) medium (YNB 6.7 g, monohydrated glucose 20 g/l) supplemented with DMSO at a final concentration of 10 % (v/v).The extracts were dissolved in YNBG medium. Yeast strains were cultured for 24-48 h at 35°C on SDA and then suspended in 4 ml of sterile distilled water by adjusting to 1 McFarland using a nephelometer to give a final inoculum concentration of 1.5 ± 1.0 9 10 3 CFU/ml. Dilutions ranging from 100 to 2,000 mg/ml of the extracts were prepared in the tubes including one growth control [YNBG ? 10 % DMSO (v/v)] and one sterility control [YNBG ? 10 % test extracts (v/v)]. A 100 ll suspension of Candida strain in YNBG was added and incubated at 35°C for 48 h. The MICs of the extracts were defined as the lowest concentration that inhibited 80 % of visible fungal growth. The final concentration of DMSO in the assays did not interfere with either the bacterial or candidal proliferation.
Statistical Analysis of Data
The experiments were laid out according to randomized block design (for single factor experiments) or nested design (two factor experiments). Each zone of inhibition experiment had three replicates and the mean of three replicates was reported. The analysis of variance (ANOVA) appropriate for the design was carried out to detect significance of difference among the treatment means.
Separation of Phytochemicals by Bioautography
The dried leaves (250 g) were powdered and macerated with methanol for 1 week in a shaker. The collected extracts were filtered and evaporated under vacuum. The residues were dried and weighted.
Thin Layer Chromatography of Plant Extract
Thin layer chromatography (TLC) technique was employed as a means of assessing quality and purity of plant extract [12] . TLC of the extract was made by using different solvents and combinations of solvents. Methanol, chloroform, toluene, petroleum ether and ethyl acetate singly and in combination were used as developing agents.
Column Chromatography Separation
Wet-process method was adopted to pack the column. Silica gel acted as a sorbent and mixture of petroleum ether and ethyl acetate (80:20) and toluene and ethyl acetate (80:20) one by one were the eluents. At the beginning, silica gel was added to the eluent. It was stirred and slowly poured into the column until the bed layer was solid. The temperature of the column was 25°C. The petcock was opened to decrease eluent level until its liquid surface and silica gel level were equal. The sample solution was poured slowly into the column along its wall. Finally, the eluent was added to the column, keeping the sorbent covered by the eluent. For both mixtures, five samples were collected in test tubes.
GC-MS Analysis
For GC-MS analysis, a Hewlett-Packard-5890-II (Global Medical Instrumentation) gas chromatograph, equipped with a flame-ionization detector (FID) and coupled with an electronic integrator was used. Quantitative data were obtained by electronic integration of the FID-area data, without response factor correction.
Results and Discussion
The results of aqueous and organic plant extracts as determined by agar diffusion method are presented in Table 1 . The results indicate that the aqueous extract was found to be ineffective as it did not exhibit zones of inhibition with the test strains. Amongst organic extracts, methanol extract showed promising activity against the test isolates. The antimicrobial activity in terms of zone of inhibition for methanol extract was 18 ± 0.18 mm for S. aureus, 20 ± 0.16 mm for B. subtilis, 18 ± -0.18 mm for E. coli, 17 ± 0.16 mm for S. typhi, 18 ± 0.14 mm for P. aeruginosa and 18 ± 0.16 mm for C. albicans. The zone of inhibition for hexane extract was 11 ± 0.12 mm for S. aureus, 10 ± 0.10 mm for B. subtilis, 11 ± 0.12 mm for E. coli, 11 ± 0.12 mm for S. typhi, 10 ± 0.10 mm for P. aeruginosa and 12 ± 0.16 mm for C. albicans. The zone of inhibition for acetone extract was 10 ± 0.10 mm for S. aureus, 10 ± 0.10 mm for B. subtilis, 11 ± 0.14 mm for E. coli, 10 ± 0.10 mm for S. typhi, 11 ± 0.16 mm for P. aeruginosa and 11 ± 0.12 mm for C. albicans as compared to the positive control (tetracycline) which is 22 ± 0.26 mm for S. aureus, 22 ± 0.26 mm for B. subtilis, 20 ± 0.24 mm for E. coli, 22 ± 0.28 mm for S. typhi, 20 ± 0.24 mm for P. aeruginosa and 22 ± 0.24 mm for C. albicans.
Among all the bacterial strains tested, B. subtilis was found to be the most susceptible with a maximum inhibition by the extract prepared in methanol producing a zone of inhibition C20 mm (Table 1) . Extracts prepared in organic solvents consistently displayed better antimicrobial activity than that of aqueous extracts. Furthermore, extracts prepared in methanol showed the most inhibition followed by those prepared in hexane and acetone, respectively. The present study indicates that under the experimental conditions, methanol is an ideal solvent to extract antimicrobial compounds from leaves. Polyphenolic compounds such as flavonols and most other reported bioactive compounds are generally soluble in polar solvents such as methanol [13] . Most antimicrobial active components that have been identified are not water soluble and thus organic solvent extracts have been found to be more potent. The inhibitory effects on test microorganisms are mainly due to plant extract. Plant samples were first extracted in these buffers and after extraction all the solvents were evaporated and only thick plant residue was left which was then made to the final volume by adding DMSO. In the present study plant powder was sequentially extracted with different solvents in increasing polarity order. It was found that the polarity of the solvents seems to play an important role in the extraction of natural products which influences the antimicrobial activity of the extracts [14] .
B. purpurea leaf extract prepared in methanol was subjected to determination of the MIC by standard twofold macrobroth dilution method against the test organisms. All antimicrobial activity occurred in a concentration dependent manner as suggested by the MIC determination. However, the efficacy of extracts was less than the standard antibiotic, tetracycline. The MIC of B. purpurea extract was B1,500 lg/ml against S. aureus and B. subtilis while this extract shows no inhibition against Gram-negative S. typhi, E. coli and P. aeruginosa or against the fungus C. albicans ( Table 2 ).
The present study shows that B. purpurea leaf extract was only effective against Gram-positive S. aureus and B. subtilis. No antimicrobial activity was recorded against Gram-negative E. coli, S. typhi and P. aeruginosa or against the fungus C. albicans. The results are in accordance with the antimicrobial tests in which it was reported that phytol fatty esters present in B. purpurea leaves had low activity against the fungi, A. niger and C. albicans and are inactive against the bacteria, P. aeruginosa and E. coli. Hexane 11 ± 0.12 10 ± 0.10 11 ± 0.12 11 ± 0.12 10 ± 0.10 12 ± 0.16 Acetone 10 ± 0.10 10 ± 0.10 11 ± 0.14 10 ± 0.10 11 ± 0.16 11 ± 0.12 Aqueous 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 ND In general, the cell envelope of Gram-negative organisms, which is more complex than Gram-positive ones, acts as a diffusional barrier and makes them less susceptible to the antimicrobial agents [15] . Bioautography overcomes the challenge of isolating antimicrobial compounds from crude extracts with complex chemical components by simplifying the process of their isolation and identification. It uses very little sample which is ideal for plant extracts [16] . B. purpurea leaf extract prepared in methanol was subjected to purification by column chromatography with a combination of solvents (i.e., petroleum ether and ethyl acetate, toluene and ethyl acetate, petroleum ether and chloroform). Previously when a single solvent system had been used no elution resulted. From eluent A (petroleum ether and ethyl acetate ratio 40:60) fraction 2 showed a clear spot with a R f value 0.48 and from eluent B (petroleum ether and ethyl chloroform ratio 40:60) fraction 2 showed a clear spot with a R f value 0.86. The R f value of a compound determined under identical conditions is a characteristic of each compound and can be used as an aid to its identity. TLC purification of these two fractions was done and was used for GC-MS analysis to find out the nature of the compounds responsible for the antimicrobial activity.
Positive control
The results of GC-MS analysis showed that the B. purpurea leaf extract contained a total of 11 identified compounds based on their retention times (RT) and retention indexes (RI). These compounds were identified through mass spectrometry attached with GC. The mass spectra of these compounds were matched with those found in the NIST/NBS spectral databases. Some of these compounds were not identified and all of these were present in concentration of less than 2 % as auto quantified by the GC-MS machine. Lupeol, stigmasterol, lanosterol, ergosterol, betatocopherol, phytol, hexadeconic acid, hexadeconic acid methyl esters, octadecadienoic acids and octadecatrienoic acid were the major components of this extract, with stigmasterol and lupeol as the most abundant (34.48 and 15.63 %). Other phytosterols like lanosterol (4.15 %) and ergosterol (2.82 %) were also found to be present in this extract as shown in Table 3 . It can be concluded that the compound with a RT = 57.4, base peak 9,992 and area % 15.63 is lupeol; the compound with RT = 56.3, base peak 23,453 and area % 34.48 is stigmasterol; the compound with RT = 58.5, base peak 3,599 and area % 4.15 is lanosterol; the compound with RT = 53.4, base peak 3,576 and area % 2.82 is ergosterol; the compound with RT = 52.8, base peak 12,885 and area % 2.73 is beta-tocopherol; and the compound with RT = 38.5, base peak 27,623 and area % 4.93 is phytol.
On the basis of the present investigation, it can be highlighted that the antimicrobial activity of B. purpurea leaf extract might be correlated to the presence of flavonoids and phenolic compounds. The mechanism of antimicrobial activity is complicated and could be attributed to synergism between flavonoids, hydroxy acids and sesquiterpenes [17] . Flavonoids are the largest group of secondary metabolites in plants. Flavonoids exhibit antimicrobial activity through formation of a complex with the bacterial cell wall. They also possess antioxidant activity due to presence of a phenolic ring in the moiety [18, 19] .
The present study evaluated the development of the medicinal plant B. purpurea which exhibited antibacterial activities against two Gram-positive bacteria (S. aureus and B. subtilis). The findings are consistent with earlier reports in which Bauhinia species containing anthraquinone, flavonoids and polysaccharides that showed considerable activity against Gram-positive bacteria. The results are considered important since S. aureus is an important pathogen in man and animals and where resistance to other drugs is frequently reported. Methicillin resistant S. aureus is widely distributed among hospitals and increasingly isolated from community-acquired infections [20] .
Antimicrobials of plant origin have enormous therapeutic potential and have been proven effective in the treatment of infectious diseases simultaneously mitigating many of the side effects which are often associated with synthetic antibiotics [21] . Positive response of plant based drugs might lie in the structure of natural products which react with toxins and/or pathogens in such a way that less harm is done to other important molecules or physiology of the host. Plants and natural products remain as an untapped reservoir of potentially useful chemical compounds not only as drugs but also as unique templates that could serve as a starting point for synthetic analogs. The leaf extract of B. purpurea has potential as an antibacterial agent so this plant can potentially be used in the treatment of infectious diseases caused by microorganisms that show resistance to currently available antibiotics. The present study suggests that further study of this plant extract for its therapeutic efficacy is essential for the isolation of active fractions.
